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Simulated Substrate Binding to the Inner Membrane Translocase AcrB
Lars Lu¨dicke.
Functioning as the engine of the AcrAB-TolC efflux pump, AcrB plays a key
role in multidrug resistance in Escherichia coli. AcrB occurs as a trimer, where
each monomer has a different conformation: loose (L), tight (T) or open (O) -
representing different consecutive states in the reaction cycle.
Here we report molecular dynamics simulations of the asymmetric 2GIF AcrB
x-ray structure embedded in a phospholipid bilayer / 150 mM NaCl environ-
ment. To study the interaction with one of AcrB’s simplest substrates, 25 hex-
ane molecules were added to the system, with three hexanes placed directly in
front of each monomer’s porter domain. Using GroMACS 4.0.3 and the GRO-
MOS96 53a6 force field we performed 5 independent MD runs, each 50ns long.
Three runs were further extended by 150 ns.
During one simulation, we observe a hexane entering the presumed drug trans-
port channel of the (L) monomer. Binding occurs in a stepwise process during
which the hexane moves towards the hydrophobic binding pocket inside the
protein before reaching a final position after 25ns, 9.7 A˚ away from Phe-628.
For the (T) monomer we observe hexane binding in a single step, reaching
its final position 9.2 A˚ away from Phe-628. In none of the runs substrate binding
takes place in the (O) monomer. However, an accumulation of hexane mole-
cules in front of the closed porter domain could be observed here.
In a second approach, we repeated the simulations now providing the antibiotic
chloramphenicol as transport substrate instead.
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Utilization of Thermodynamic Linkage Relationships to Test for Interac-
tions between the C2 Domains of Synaptotagmin 1
Sarah C. Kempka, Katie Miller, Jacob W. Gauer, R Bryan Sutton,
Greg Gillispie, Anne Hinderliter.
Synaptotagmin I is a calcium ion sensor involved in neurotransmitter release.
When a neuron is stimulated by an action potential, an influx of calcium ion
occurs causing the synaptic vesicle to fuse with the membrane, releasing the
neurotransmitter into the synaptic cleft. This causes a new action potential to
propagate to the next neuron, thereby transmitting information from cell to
cell by electrochemical signaling. Synaptotagmin I is characterized by a trans-
membrane region embedded in the synaptic vesicle at its N-terminus which is
connected to two C2 domains (C2A and C2B) that are located in the cytoplasm
of the neuron. Both C2 domains bind calcium ions, negatively charged phos-
pholipids, and associate with other proteins that are also involved with neuro-
transmitter release. Whether or not this process is mediated by a protein-protein
interaction between the C2 domains is unknown. Since these proteins are teth-
ered together, the very high effective concentration of one in relation to the
other means the interaction energies must be very small; otherwise, the proteins
would always be associated. Transient interactions represent a means to com-
municate binding information. Testing this is extremely challenging due to
weak interactions. Here, we have utilized a thermal denaturation approach de-
pendent on determination of free energies of stability to test this hypothesis.
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Mechanistic and Thermodynamic Insights into the Transport Cycle of
Lactose Permease
Pushkar Pendse, Jeffery B. Klauda.
The Major Facilitator Superfamily (MFS) is an important class of membrane
transporters whose members are found in almost all types of organisms and
are very diverse in terms of substrate transport. Lactose permease of E. coli
(LacY), which transports various sugar molecules across the plasma mem-
brane, is studied as a model for the MFS proteins. LacY undergoes widespread
conformational changes between a periplasmic-open and a cytoplasmic-open
state during the transport cycle. The focus of this work is to determine the
periplasmic-open structure starting with the known cytoplasmic-open crystal
structure with an emphasis on the underlying mechanism. A two-step hybrid
simulation approach that involves self-guided Langevin dynamics (SGLD)
simulations to enhance conformational sampling is used. Our model for the
periplasmic-open structure agrees well with various experimental findings.
The protonation of Glu269 and binding of a disaccharide to LacY is found to
trigger the conformational transition to the periplasmic-open state. The residues
and interhelical interactions that are important during the conformational tran-
sition are determined. This two-step simulation approach can be extended to
determine the conformational changes in other membrane proteins. In addition,
sugar binding during structural changes follows the well-established ‘alternat-
ing access model’. A more extensive study on sugar binding is carried out to
understand the ‘anomeric binding phenomenon’ of LacY (different binding af-
finities for different anomers of a disaccharide). The alchemical free energyperturbation (FEP) method is used to quantify binding affinities. The calculated
binding free energy of a-D-galactopyranoside (NPG) to LacY agrees well with
the experimental value (Nie et al., JBC, 2006). The FEP calculations for ab-
(Galp)2 and bb-(Galp)2 reveal a detailed description of LacY’s anomeric bind-
ing phenomenon. This method is extended to different anomers of other disac-
charides to elucidate anomeric binding.
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Purification of G-Protein Coupled Receptors Using Nanodiscs
Nivedita Mitra, Elsa C.Y. Yan.
G-Protein Coupled Receptors (GPCRs) are seven-transmembrane (7-TM) pro-
teins and belong to the largest gene family in the human genome. They mediate
intracellular signaling in response to extracellular stimuli such as light, small
molecules, peptides, etc.
GPCRs are expressed in a wide variety of cell types and modulate cellular and
physiological responses to the stimuli, which make them ideal drug targets. De-
spite their importance, GPCRs are not well understood at the molecular level in
terms of their activationmechanism because they are notoriously difficulty to pu-
rify for quantitative biophysical studies. Due to their 7-TM hydrophobic domain,
they need to be purified in detergents, which are often incompatiblewith their sta-
bility. Currently, GPCRs are purified using detergent conditions determined indi-
vidually for each GPCR using an empirical approach. Thus, only a handful of
GPCRs have been purified, which is an impediment to obtaining a molecular un-
derstanding of GPCRs. Here, we have developed a method for purifying GPCRs
using nanodiscs,which are nanometer sized, disc-shaped, and self-contained lipid
bilayer particles. In our method, we incorporate GPCRs straight from the cell
membrane of a mammalian expression system into nanodiscs to minimize the
amount of time the protein is in contact with detergent. Using this approach,
we have successfully purified a family B GPCR, parathyroid hormone 1 receptor
(PTH1R).Wehave investigated thebinding of purifiedPTH1R to its native ligand
PTH1 (1-34) using fluorescence anisotropy and obtained a dissociation constant
of ~29 nM, in agreementwith previous reports.Wepropose that ourmethod could
be a general approach to purify GPCRs that will enable quantitative biophysical
studies to yield a better molecular understanding of their activation mechanisms
and interactions with downstream signaling proteins.
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Monitoring Protein Association with a Membrane Bilayer Using Ultravio-
let Resonance Raman (UVRR) Spectroscopy
Rauta A. Yakubu.
Ultraviolet Resonance Raman (UVRR) as a means of studying proteins’ three
states: in solution (state I), embedded on the membrane surface(state II), or
inserted within the lipid bilayer (state III). pHLIP (pH low insertion peptide)
is the model used for membrane proteins since it can change states based on
pH going above or below 8. An artificial lipid membrane made of DMPC is
made. After calculating an efficient peptide to lipid membrane ratio for inser-
tion to use and making a suitable solution for an adequate UVRR spectrum,
we have seen that when pHLIP is in state II it is partially in the membrane
and gaining a helical structure. Using UVRR to study transmembrane proteins
in relation to pH gives researchers insight on the functionality of many
diseases.
Previous studies have shown that the C helix of bateriorhodopsin, commonly
referred to as pH low insertion peptide (pHLIP), is disordered in aqueous solu-
tions and in the presence of membrane bilayers at neutral pH. At low pH, in the
presence of membrane bilayers, the peptide spontaneously folds in to an alpha-
helix and inserts into the membrane bilayer. Ultraviolet Resonance Raman
(UVRR) has been employed to study the three states of pHLIP: in solution
(State I), embedded on the membrane surface (State II), or inserted within
the lipid bilayer (State III). Ideal peptide-to-lipid membrane ratios were deter-
mined using tryptophan fluorescence and ultracentrifugation was used to con-
centrate liposomes for UVRR measurement. UVRR studies reveal that each
state is spectroscopically distinct. The amide S mode, a marker for non-
helical structure disappears upon going from neutral to low pH.
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Thermal Stability of Rhodopsin and Implications for Retinitis Pigmentosa
Monica Yun Liu, Jian Liu, Elsa Yan.
Over 100 mutations in the dim-light photoreceptor rhodopsin are associated
with retinitis pigmentosa (RP), a visual disorder characterized by progressive
symptoms of night blindness, tunnel vision, and sometimes blindness. We
studied the thermal stability of two mutations, S186W and D190N. We hy-
pothesize that these mutations perturb an electrostatic interaction and hydro-
gen bonds in the active site and destabilize rhodopsin, which undermines the
sensitivity to light and causes RP. We compared the rates of thermal decay,
